The effect of immunoperoxidase staining and centrifugation on the sensitivity and rapidity of herpes simplex virus detection in mink lung cell cultures was determined with 730 clinical specimens. In standard tube cultures, the use of immunoperoxidase staining resulted in detection of 31 (91%) of 34 positive cultures after overnight incubation, compared with 25 (74%) detected without the stain (P < 0.05). The effect of centrifugation of specimens onto the monolayer followed by overnight incubation and immunoperoxidase staining was studied with 431 specimens. Of 107 positive specimens, 103 (96%) were detected by this method, compared with 91 (85%) detected in standard cell cultures observed for 5 days (P < 0.02). Standard cell cultures that were examined after overnight incubation detected only 62 (58%) of the 107 positive specimens (P < 0.001). Centrifugation of clinical specimens onto cell monolayers followed by overnight incubation and immunoperoxidase staining is more rapid and sensitive than are standard cell culture techniques for the laboratory diagnosis of herpes simplex virus infection.
The detection of herpes simplex virus (HSV) has become a major component of the workload in the diagnostic virology laboratory. Many of the specimens submitted for HSV culture are from pregnant women at high risk for genital infection who are monitored to prevent neonatal infection or from patients who might benefit from antiviral therapy. The optimal management of these patients requires rapid and accurate laboratory diagnosis of HSV infection.
Antigen detection methods are attractive for rapid HSV diagnosis since most assays require only a few hours to complete and do not require that an infectious virus be in the sample. Unfortunately, antigen detection systems with acceptable sensitivity and specificity for routine clinical use are not yet available. Alternative approaches which have been reported include the use of cell lines which allow earlier detection of viral cytopathic effect (CPE) (2, 9, 15) and the standard cell culture techniques followed by immunologic detection of viral antigens in the cell monolayer (3, 5-8, 10-13, 14) . A recent report has also suggested that low-speed centrifugation might enhance the sensitivity of HSV cultures (4) .
The Cellmatics HSV detection system (Difco Laboratories, Detroit, Mich.) combines mink lung (ML) cell cultures, which have been reported to allow detection of HSV CPE earlier than with other cell lines (15) Comparison of the Cellmatics kit with ML cell culture. ML cells were provided as confluent monolayers in flat-sided tubes as part of the Cellmatics HSV detection system. Excess media in these tubes were discarded, leaving approximately 1 ml per tube before inoculation of specimens. Clinical specimens were diluted to a final volume of 2.5 ml with viral transport media, inoculated into three Difco tubes (0.6 ml per tube), and incubated at 37°C. On each of the 3 days after inoculation, one Difco tube was fixed and stained for HSV. The IP staining method was as described below except that the tubes were fixed for 35 min before staining and 0.5 ml of reagent was incubated for 20 min at room temperature for each step of the procedure.
Standard ML cell culture. The cell culture medium in the ML tubes was replaced with 1.0 ml of fresh maintenance medium. Two tubes were inoculated with 0.2 ml of sample per tube for the comparison with the Cellmatics kit, and one tube was inoculated with 0. Specimens were inoculated into a single vial by replacing the cell culture media with 0.5 ml of the specimen. The vials were then centrifuged at 3,500 x g for 15 min at 20°C in a J-6B centrifuge (Beckman Instruments, Inc., Palo Alto, Calif.) with a JS-5.2 rotor (Beckman). After centrifugation, the vials were gently agitated to suspend debris into the transport medium. The transport medium was decanted and replaced with 1.0 ml of fresh maintenance medium, and the vials were then recapped and incubated at 37°C. For the combination of centrifugation with IP staining (C-IP method), the inoculated vials were incubated overnight, fixed, and then stained with IP as described below.
IP staining of vials. Reagents for the IP stain, including the fixative, all antisera, and the chromogen, were provided as part of the Cellmatics kit and were not altered for these studies. Cell monolayers were fixed in buffered Formalin for 15 min at room temperature and then rinsed once with phosphate-buffered saline and twice with distilled water. The primary antiserum, rabbit anti-HSV, was added (0.1 ml per vial) and incubated for 15 min at 37°C. The monolayers were then washed three times with distilled water, and the secondary antiserum, peroxidase-conjugated goat anti-rabbit immunoglobulin G, was added to each vial. After a 15-min incubation at 37°C, the cultures were again washed three times with distilled water. Acetate buffer (0.1 M) containing 0.024% hydrogen peroxide was mixed 5:1 (vol/vol) with the chromogen (4 mM 3-amino-9-ethyl carbazole and 9.4 mM 4-chloro-1-naphthol in 2:1 dimethyl sulfoxide-ethanol). This mxiture was added to the vials and incubated at 37°C for 15 min. The Comparison of the C-IP method with standard ML cell culture. The C-IP method was compared with the standard ML cell cultures for 431 specimens (Table 1) . Of the specimens, 107 (25%) were positive by at least one of the methods. The C-IP method, with overnight incubation, detected 103 (96%) of the 107 positive specimens, compared with 91 (85%) detected by standard cell cultures after 5 days of observation (P < 0.02). After overnight incubation, only 62 (58%) of the 107 positive specimens were detected in standard cell cultures (P < 0.001 compared with the C-IP method). The C-IP method detected HSV in 16 specimens which were negative in standard cultures, including 12 genital swabs, 3 mouth swabs, and 1 swab for which the culture site was not specified. Of these 16 specimens, 14 either came from patients with a history of genital HSV infection (eight patients) or had the virus isolate that was confirmed by cell culture passage or reisolation from the original specimen (six patients). The four specimens positive for HSV by standard cell cultures but negative by the C-IP method included a cerebrospinal fluid, a genital swab, and two swabs for which the culture site was not specified. These results indicate that the C-IP method is both more rapid and more sensitive than standard ML cell cultures.
Relative contribution of IP staining and centrifugation to the sensitivity of the C-IP method. The contribution of IP staining to the sensitivity of the C-IP method was determined for 195 specimens (Table 2) . Two vials were inoculated with each specimen, one was stained after overnight incubation (C-IP method), and the other was observed daily for 5 days for the development of HSV CPE without the aid of the IP stain. HSV was detected in 54 (28%) of the 195 specimens. The C-IP method detected 52 (96%) of the 54 positive specimens, compared with 38 (70%) detected after overnight incubation (P < 0.001) and 50 (93%) detected after observation for 5 days by using centrifugation without the IP stain. Although the overall sensitivity of the shell vial cultures was not increased by the IP stain, the data on day 1 indicate that the stain contributed to more rapid detection of the CPE. This finding was examined further. All 431 cultures processed by the C-IP method were examined for HSV CPE after overnight incubation but before IP staining. Of 107 positive specimens, 103 (96%) were detected by the C-IP method, and 77 (72%) were detected by examination for CPE without IP staining (P < 0.001) ( Table 3) .
The contribution of centrifugation to the sensitivity of the C-IP method was examined with 149 specimens (Table 3) . Each specimen was inoculated into duplicate shell vials. One vial was processed by the C-IP method, and the other was handled identically except that the centrifugation step was omitted. Of the 149 specimens, 27 (18%) were positive for HSV. All of the positive specimens were detected by the C-IP method, compared with 22 (81%) detected by IP staining without centrifugation. The degree of culture positivity by each method was also compared for each specimen. The centrifuged vial was judged to have more foci of infection than the uncentrifuged vial had for 22 (81%) of the 27 positive specimens. In contrast, only one specimen had more foci in the uncentrifuged vial than in the centrifuged vial (P < 0.01). Thus, both centrifugation and IP staining appeared to contribute to the sensitivity of the C-IP method.
DISCUSSION
This study demonstrates that the Cellmatics HSV detection system is as sensitive as and more rapid than standard ML cell cultures for the laboratory diagnosis of HSV. Furthermore, the combination of low-speed centrifugation and IP staining with the Cellmatics kit reagents is both more sensitive and rapid than standard cell culture techniques.
The C-IP method has a number of advantages for the clinical laboratory. The method requires each specimen to be read only one time, compared with daily reading for 5 to 7 days usually required for standard cell cultures. Also, the use of the IP stain facilitates the detection of HSV CPE. Although the method of quantifying the degree of positivity in this study was not strictly controlled, IP-stained monolayers usually had more identifiable foci of HSV CPE and could be read more quickly than unstained monolayers. The use of the IP stain also resulted in a 34% increase in HSV detection. The specimens which were called positive only after staining with IP were those in which only a few small foci of infection were seen or those in which the viral CPE was not sufficiently typical of HSV to be positively identified by morphology alone. Finally, the C-IP method resulted in a 13% increase in virus isolation compared with standard ML cell cultures. All of these specimens had viral CPEs consistent with those of HSV, and 14 of the 16 specimens either were from patients with a history of HSV infection or were confirmed by reisolation of the virus. These data suggest that this is a true increase in sensitivity. A potential disadvantage of the C-IP method is that HSV typing requires a separate culture, either passage of media from the C-IP vial or reisolation from the original specimen. In practice, however, this is not a major problem, since HSV typing is rarely important for patient management.
Gleaves et al. (4) Low-speed centrifugation of clinical specimens onto the cell monolayer has not been clearly shown to increase diagnostic sensitivity for HSV. Tenser (16) , using laboratory strains of the virus, reported that centrifugation at 1,100 x g results in a 10-fold increase in HSV infectivity. No significant difference was seen in the sensitivity of HSV detection in clinical specimens in this study, although the number of positive specimens studied was relatively small. There was, however, a significant increase in the degree of positivity in the specimens which had been centrifuged. Further studies with larger numbers of specimens may more clearly define the role of centrifugation in the clinical laboratory setting.
